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Abstract 

Using new experimental methods, 1-(4-chloro-3-nitrophenyl)-3-(2-methoxyphenyl) triaz-1-ene, 

(CNPMPT) structure was synthesized in the laboratory. The structure has two E and Z 

conformational states that E is a more stable state than the Z. After synthesis of the structure, 

crystallization process was carried out and its chemical properties were investigated using 

experimental and theoretical methods. The structure has orthorhombic crystal system with space 

group equal to Pbca and its unit cell parameters comprise a= 7.0723 (9), b= 7.5333 (9), and c= 

13.7138 (15).To further study and identify the structure, in addition to X-Ray diffraction, NMR 

and FT-IR analyses were also done on the structure. Then, the structure was discussed and 

studied using density functional theory (DFT) at the theory level B3LYP, B3PW91 and 

PBEPBE. The structural and thermodynamic parameters, electrostatic potential, 

corresponding Hirshfield surface, electrophilicity (ω), chemical potential (µ), chemical hardness 

(η) and max amount of electronic charge transfer (∆Nmax) were examined for this structure. The 

results showed that the experimental and theoretical results were very consistent. 

 

 

Keywords: Synthesis, DFT, Single crystal, Electrophilicity. 
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1. Introduction 

Triazenes are colorful compounds with strong bad smell that normally exist as gases. The 

compounds also have density and boiling point higher than diazene compounds. These 

compounds have unsaturated molecular formula R1 R2 N-N = NR3 consisting of three nitrogen 

atoms and three substituted groups. [1] Since the substituted group can be consisted of hydrogen, 

halogen atoms as well as cyclic compounds, it makes up lots of derivatives. Triazenes have many 

applications and properties. [2-4] Derivatives of these compounds can be used as various drugs 

like anti-cancers. [5] However, many derivatives of these compounds are used in paint industry 

as color indicators. [6] Due to strong electron transport ×
π-π ,group N = N-N can act as ligands 

for various metals and make up complex with the metals. [7, 8] One method of producing 

triazenes is the spontaneous decomposition of Tetrazenes. In this study, it is tried to show a 

different and modern method for synthesizing these compounds.Triazene compounds have been 

used for the preparation of several sensors for determination of heavy metals, [9, 10] and also 

used in solid-phase extraction. [11, 12] They have been studied for their anorectic activity and 

potency against specific tumor cell lines, [13–17] as well as they have been applied as protecting 

groups in natural product synthesis [18, 19] or used to form heterocycles. [20, 21] Various 

compounds have been prepared from these compounds, because of linkage ability of them to 

carbonic nano tubes that have important abilities especially in man’s body metabolism. [22] A 

kind of these compounds applied in agronomy chemistry for insecticides and weeds synthesis. 

However, they have been used in pigments synthesis. [23, 24] 

HOMO and LUMO are two parameters that can be calculated through density functional theory 

(DFT). Through these two parameters, we can calculate and examine the electrophilicity 

values, chemical hardness, chemical potential and the maximum amount of electronic charge 
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transferred. [25-27] Electrophilicity is in fact a factor to demonstrate the reactivity for organic 

and inorganic compounds and it is also evaluated and reported for many systems. In fact, high 

chemical potential and low chemical hardness indicates a system with good 

electrophone species. Electrophilicity values are different for various compounds based on 

HOMO and LUMO and accordingly the structure performance in chemical reactions will be 

different. 

Another parameter to be measured is electrostatic potential. In fact the map presented by which 

shows the charge distribution in the chemical structure. This is available as a three-dimensional 

map that is composed of red color showing the relative frequency of number of electrons and 

blue representing the relative lack of electron. [27-28] Once examined the distribution of 

electrons in the structure, the structure performance in various reactions can be 

predicted. Usually, yellow and green represent the relative average values of the electrostatic 

potential. The electrostatic potential is directly related to electronegativity values and the 

electronegativity difference is a determinatekey in the nature of chemical bonding. 

Hirshfield surface is a parameter showing the distribution of electron and the electron density in 

a crystal structure and to obtain it, crystal structure file (CIF) should be available. In fact, it is 

constructed by partitioning space in the crystal into regions where the electron distribution of a 

sum of spherical atoms for the molecule dominates the corresponding sum over the crystal. 

Surface properties are displayed with two parameters de and di. In fact, we can obtain 

information on the environment around the crystal structure in the unit cell using this map. De 

is the distance from the Hirshfeld surface to the nearest nucleus outside the surface. Di is the 

corresponding distance to the nearest nucleus inside the surface. [29, 30] 
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2. Experimental details 

2.1. General method 

All chemicals were of analytical grade and were used as commercially obtained without further 

purification. 1H NMR and 13C NMR spectra were recorded on BrukerAvance 300 MHz 

spectrometer in DMSO solvents, and all chemical shifts were reported in d unit downfield from 

Tetramethylsilane (TMS). FT-IR spectra were recorded using Perkin–Elmer RXI spectrometer 

using KBr disks. Elemental analysis was carried out using a Perkin–Elmer 2,400(II) CHNS/O 

analyzer. 

2.2. Synthesis 

The synthetic route is shown in scheme 1. The 0.01 mol (1.72 g) of 4-Chloro-3-nitroaniline was 

dissolved in 200 mL of acidic solution (6N HCl, d=1.18 Kg/L), and the solution was cooled to 0 

◦C. It was slowly diazotized within 5 min by adding 0.01mol (0.69 g) of sodium nitrite in 10 mL 

of water under vigorous stirring. After further stirring for 10 min, 0.01mol (1.10 g) of ortho 

Anisidine in 5 mL methanol was slowly added to the resulting solution under stirring for a period 

of 10 min. The mixture was maintained at pH 7–8 by adding appropriate amount of aqueous 

sodium acetate and stirred at room temperature for half an hour. The mixture was filtered out, 

washed with cold water, and dried in vacuum overnight at room temperature. The brown product 

(Yield 90%) was dissolved in 30 ml pure acetonitrile (stored in a freezer). Needle like crystals 

was obtained by slow evaporation of the solvent in a week. 1H-NMR (300 MHz, DMSO-d6) δ 

7.29–7.66 (7H, m, phenyl protons), 12.97 (1H, s, NH), 3.83 (3H, s, methyl).13C-NMR (300 MHz, 

DMSO-d6) δ 55.86, 113.14, 124.52, 125.70, 125.82, 130.80, 131.08, 134.19, 137.48, 138.08, 

155.95, 157.26, 159.90. IR (KBr, ν cm-1): 3305.73 (N-H), 3013.56 (C-H, sp2), 1422.73-1599.31 
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(C=C), 1027.06 (C-Cl), 1342.93, 1514.79 (N=O), 1256.63 (C-N), 1042.98, 1256.63 (C-O) 

1218.94 (N-N). Elemental Anal. Calc. for C15H15N3O (306.7 g mol-1): C, 50.91; H, 3.61; N, 

18.27. Found: C, 50.97; H, 3.24; N, 18.23%. 

 

3. Computational details  

For further comparison, the experimental results of the structure were discussed and studied 

using DFT at three theory levels, B3LYP, B3PW91 and PBEPBE and basic mode 6-311G (d, 

p). For this purpose, Gaussian 03 was used. [31] To do so,the structure was preliminary designed 

using Gauss view 03 and subsequently, the structure was optimized. For all calculations, the 

standard conditions of the gas phase of 1 atmospheric pressure and 298 Kelvin temperature was 

considered. To do the calculation, Pentium 4 with RAM memory 4 GB and processor 2.4 Giga 

Hertz core i7 along with the Windows XP has been used. GIAO method was used to calculate 

the amount of chemical shift in atoms of carbon and hydrogen. For more consistency of 

experimental and theoretical results, Tetramethylsilane (TMS) standard was considered to 

calculate the values of chemical shifts. For this purpose, the structure was initially optimized and 

then the chemical shift values were calculated. Veda 4 was used for evaluationof the vibrational 

parameters as well as analysis of structure PED. [32] This application will help to examine the 

vibrational parameters for each bond based on the intensity of the vibration. For consistency of 

vibrational parameters obtained experimentally with theoretically obtained values, a different 

scale facture was used. Values considered for scale factures were intended 0.967 for theory 

B3LYP, 0.963 for B3PW91 and 0.991 for PBEPBE method. [33] Fingerprint plots and 

corresponding Hirshfield surface coverage were also examined using CrystalExplorer 3.1. [34] 
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To investigate the placement of the structure in the unit cell, Mercury 3.6 [35] and to assess and 

calculate the electrostatic potential values determined for different parts of the structure Molekel 

software were used. [36] 

 

4. Result and discussion  

4.1. Description of the crystal structure 

1- (4-chloro-3-nitrophenyl)-3-(2-methoxyphenyl)triaz -1-ene structure (CNPMPT) was examined 

using X-Ray diffraction and its crystallography and structural parameters were assessed. This 

structure has an empirical formula as C13H11ClN4O3 (Fig 1). The molecular weight is 306.7. The 

structure has an Orthorhombic and Space Group Pbca crystal system. Orthorhombic crystal 

system is one of the 7 crystal systems known with three vectors in which the three vectors are 

unequal and all angles are 90 degree. All data obtained from X-Ray diffraction analysis have 

been reported in Table 1. As Table 1 shows, the unit cell dimensions in the structure are obtained 

as a = 7.0723 (9), b = 7.5333 (9), and c = 13.7138 (15), respectively. The placement of structure 

in the unit cell and the formation of hydrogen bonds are shown in Figure 2. The amount 

of absorption coefficient for the structure is also obtained 0.292 mm-1. 

4.2. Geometrical parameters 

4.2.1. Bond length  

For better study and results, the chemical and structural parameters of the 

structure were compared with some similar compounds. The reason to choose these compounds 

is the structural and chemical similarity, crystallography analysis, and theoretical calculations on 
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the structures. Surveyed structures include ADQF, [37] TBH derivatives, [38] DMPF, 

[39] DPTF, [40] and BH complexes. [41] The structural parameters were studied using 

experimental methods, crystallography method and also using density functional theory at three 

different levels, B3LYP, B3PW91 and PBEPBE. The results have been reported in Table 2. As 

Table 2 shows, the bond N=N was obtained 1.261 Å using the experimental method, and 1.262, 

1.260 and 1.282 Å, respectively using B3LYP, B3PW91 and PBEPBE methods. However, for 

N-N bond using experimental method, it is obtained 1.328 Å and using 

B3LYP, B3PW91 and PBEPBE methods, 1.324, 1.318 and 1.328 Å, respectively. Results of 

other bonds’ length suggest the top consistency of the theoretical and experimental results. As 

shown in Table 2 and supplementary dataS1, the experimental and theoretical results are highly 

consistent.In the structure TBH derivatives, [38] the N-N bond length was reported 1.328 to 

1.387 Å using experimental methods and 1.315 to 1.351 Å using theoretical method. However, 

N-N bond in the structure of BH complexes were obtained 1.310 to 1.384 Å using the theory 

method that is highly consistent with results obtained for the CNPMPT. [41] Also, if the 

bonds C-C, C = C and C-N in CNPMPT structure are compared with other structures, you will 

see that the results are highly consistent with similar structures. [37-41] 

4.2.2. Bond angle and dihedral angle 

The results of the bond and planar angles in CNPMPT structure are quite close to the results 

obtained for the length of bonds with similar structures. The obtained experimental and 

theoretical results are also quite close to each other. For example, the experimental results for 

N22-N21-N20 was 112.4 degrees that based on B3LYP, B3PW91 and PBEPBE methods, it is 

obtained 112.5, 112.3 and 111 degrees, respectively. Also, the bond angle for N21-N20-C3 was 

obtained 121.2 degrees using the experimental results and 123.8, 123.9 and 126.9 degrees, 
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respectively using theory methods based on B3LYP, B3PW91 and PBEPBE methods. Of course, 

depending on the type of substitution orientation and conformational state used by the structure, 

the bond and planar angles will have different values. Space congestion in the substituent groups 

will affect the results. 

4.3. Vibrational assignments 

Comparing the infrared spectrum of two substances, they are believed to be similar, one can 

discover whether they really are equal or not. If all the adsorptions in the spectrum of two 

molecules are coincided, then almost certainly the two are the same. The second use of the 

infrared spectrum that is more important than the first is that it gives information about the 

structure of a molecule. Adsorptions associated with each bond can be found in a small part of 

infrared vibrational area. CNPMPT structure contains 32 atoms and 90 normal vibration 

parameters. FT-IR analysis on the structure were obtained using experimental and theoretical 

methods (Fig 3). To calculate the vibrating parameters of CNPMPT structure, DFT method at 

three levels of theory B3LYP, B3PW91 and PBEPBE and the basic state 6-311G (d, p) was used. 

For more consistent results with experimental results, the conversion factor 0.967, 0.963 and 

0.991 were used respectively. [33] As shown in Table 3, the experimental and theoretical results 

are highly consistent. Comparing experimental method with DFT method at B3LYP theory level 

showed linear equation Y= 1.0165x- 15.643 with R²= 0.9997, comparison with the theoretical 

level B3PW91 showed linear equation Y= 1.0171x- 14.58 with R²= 0.9997 and then comparison 

with theoretical level PBEPBE showed linear equation Y= 1.0171x- 22.004 with R²= 0.9995 

(Supplementary dataS2.). 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
  

10 

4.3.1. C-H vibrations 

C-H vibration parameter is entirely dependent on the type of hybridization. CH vibration 

parameter with SP3 hybridization appears below 3000 and with SP2 hybridization in the range of 

3100 and with SP hybridization upper than 3200. Stretching vibration usually appear in the range 

of 2850 to 3200. Depending on the type of hybridization, bending vibrations are expected to be 

appeared in the range of 1000 to 1300 cm-1. But for CNPMPT structure, C-H stretching vibration 

appeared in the range of 3090, 3013, 2977, 2944 and 2840 cm-1 with various intensities using the 

experimental FT-IR. But using DFT method at B3LYP theory level, CH stretching vibrations 

appear in the range of 2907 to 3117 cm-1 and at B3PW91 theory level in the range of 2902 to 

3111 cm-1 and for PBEPBE theory level in the range of 2912 to 3123 cm-1. But comparing 

CNPMPT structure with other structures shows similar results from the vibration amplitude. For 

structure DPTF was observed in the range of 2978 to 3212 cm-1 using the experimental method, 

in the range of 3155 to 3281 cm-1 using DFT at B3LYP theory level [40]. In the BH structure, 

[41] complexes appear in the range of 2700 to 3180 cm-1 using experimental methods of 

vibration amplitude based on the type of vibration and using theory in the range of 2800 to 3012. 

However, in the structure [37] ADQF, C-H stretching vibration amplitude was observed in the 

range of 2916 cm-1 using the experimental method and in the range of 2854 to 3063 cm-1 using 

theoretical method. But bending vibration C-H using the experimental method was observed in 

the range of 1145 and 1157 and through DFT method at three levels of theory B3LYP, B3PW91 

and PBEPBE in the range of 1127 to 1165 and 1120 to 1160 cm-1 as well as 1115 to 1145 cm-1. 

The results obtained for C-H bending vibration in CNPMPT structure are consistent with the 

results obtained for other compounds. [37-41] 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
  

11 

4.3.2. NO2 vibrations 

The experimental results obtained for CNPMPT structure shows the symmetric stretching 

vibration of NO2 within the range of 1599, 1569, 1523 cm-1 and asymmetric stretching vibration 

in the range of 1342 cm-1. However, theoretical calculations using DFT method at three levels of 

theory B3LYP, B3PW91 and PBEPBE show symmetric and asymmetric stretching vibration in 

different areas. At B3LYP level, it shows the asymmetric stretching vibration in the range of 

1339 cm-1 and symmetric stretching vibration in districts 1540, 1567 and 1591 cm-1. At B3PW91 

level, the symmetric stretching vibration is shown in the range of 1550, 1582 and 1612 cm-1 as 

well as asymmetric stretching vibration in the range of 1364 cm-1. PBEPBE also shows 

symmetric stretching vibration in the area 1528, 1549 and 1583 cm-1 and asymmetric stretching 

vibration in the range of 1351 cm-1. NO2 group gives two strong bonds in the infrared spectrum. 

In these compounds, asymmetric stretching vibration is appeared in 1500 to 1600 cm-1 and 

asymmetric stretching vibration in the range of 1300 to 1400 cm-1, because of the resonance in 

the functional group NO2.  

4.3.3. C-C and C=C vibrations 

C-C and C=C stretching vibration is within the circular structure. Using the experimental 

approach, the vibration amplitude for the structure CNPMPT is observed in 1523 cm-1 and using 

the theory method, the vibration amplitude using DFT at three theoretical level B3LYP, 

B3PW91 and PBEPBE was in the 1410-1591, 1404-1612 and 1394-1583 cm-1,respectively. 

Tension ring adsorptions are usually appeared in pairs in the range of 1575 to 1600cm-1, and 

Everton/Hybrid strips are expected to be appeared in the range of 1600 to 2000 cm-1. However, 

the amplitude of stretching and bending vibrations changes depending on the type and number of 
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substitutions. In similar structures such as DPTF, [40] the amplitude of stretching vibrations of 

C-C appear from 1413 to 1492 cm-1, while appears in the region of 1482 to 1550 cm-1 by using 

DFT method. In TBH derivatives, [38] using the theory of revealed that vibration amplitude of 

C=C and C-C bonds, which have resonance, appear from 1251 to 1613 cm-1, which 

experimentally appeared in the range of 1239 to 1621 cm-1. Moreover, in DMPF structure, [39] 

the experimental results indicated that the amplitude of stretching vibration of C-C appear in the 

region of 1516, 1323, and 1300 cm-1. The theoretical results for this structure match perfectly 

with experimental results. The bending vibration of C-C-C group appear in region less than 1050 

cm-1. In CNPMPT structure, the bending vibration of C-C-C group appear in the regions of 

673,747, 783, and 1027 cm-1 using experimental method. The theoretical results using DFT 

method also shows the bending vibration of C-C-C in three regions of 568-1099, 567-1027, and 

564-1011 cm-1 in three theoretical levels of B3LYP, B3PW91, and PBEPBE, respectively. The 

amplitude of bending vibration were also in the same range for similar components. [37-41] 

4.3.4. N-H vibrations 

In DMPF structure, N-H stretching vibration was in the range of 3301 cm-1 by experimental 

method, while appeared in the range of 3448 and 3436 cm-1 using theoretical method. In BH 

complexes, [41] the N-H stretching vibration was in the range of 3428 to 3691 cm-1 by 

experimental method, while appeared in the range of 3579 and 3583 cm-1 using theoretical 

method. In ADQF structure, [37] it was in the range of 3173 and 3367 cm-1 by experimental 

method, and in the region of 3367 to 3503 cm-1 by theoretical method. The first and second types 

of amines and also amides have the stretching and bending vibrations of NH groups. The 

amplitude of stretching vibrations of this group is between 3100 and 3500 cm-1 with medium to 

high peak intensity, and its bending vibration is in the range of 1500 to 1700 cm-1. But in 
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CNPMPT structure, the amplitude of N-H stretching vibration is about 3305 cm-1 by 

experimental method, while appears in 3351, 3353, and 3290 cm-1 by using DFT method in three 

theoretical level of B3LYP, B3PW91, and PBEPBE, respectively. The bending vibration for 

CNPMPT structure was in the range of 1476 and 1514 cm-1 by experimental method, while 

appeared in three regions of 1498-1500, 1488-1508, and 1480-1500 cm-1 by using DFT method 

in three theoretical level of B3LYP, B3PW91, and PBEPBE, respectively. Investigating similar 

structures also showed N-H group bending vibrations in the range of 1530 to 1670 cm-1. 

4.3.5. C-N vibrations 

In ADQF structure, [37] C-N stretching vibration appeared in the region of 1208 cm-1 by 

experimental results, and in the range of 1208 and 1296 cm-1 by theoretical method. The 

stretching vibration of C=N was appeared in the region of 1479 cm-1 by theoretical method. [41] 

In TBH derivatives, [38] the stretching vibration of C=N was in the range of 1179 to 1571 cm-1 

by experimental method, and was appeared in the range of 1126 to 1542 cm-1 by theoretical 

method. However, this range of changes are due to presence of resonance and aromatic mode. In 

amine groups and aromatic amines, the stretching vibration of aromatic C-N appears in the range 

of 1000 to 1350 cm-1, and the stretching vibration of C=N appears in the range of 1500 to 1650 

cm-1. Moreover, the bending vibration associated with C-N and C=N usually appear in the region 

of 400 to 800 cm-1 with rather medium intensities. In CNPMPT structure, there should be no 

vibration for C=N. but presence of resonance between nitrogen and carbon atoms increases the 

absorption range of this bond and the rank of bond increases from 1 to 2 in some cases. In this 

structure, the stretching vibration of C-N group was in the region of 1218 cm-1 by experimental 

method, while appeared in three levels of 1220-1243, 1227-1243, and 1223-1237 cm-1 by DFT 

method in three theoretical level of B3LYP, B3PW91, and PBEPBE, respectively. For C=N 
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bond, the liberation was also in the region of 1514 cm-1 by experimental method, and in three 

regions of 1500, 1508, and 1500 cm-1 by DFT method in three theoretical level of B3LYP, 

B3PW91, and PBEPBE, respectively. As Table 3 indicates, the bending vibration of C-N group 

also appears in regions less than 750 cm-1. 

4.3.6. N=N and N–N vibrations 

In BH complexes, [41] the stretching vibration of N=N was in the range of 1056 to 1257 cm-1 by 

experimental method, and in the range of 1045 to 1267 cm-1 by theoretical method. The 

stretching and bending vibrations are usually visible for N-N and N=N bonds in treasons. In 

CNPMPT structure, the amplitude of N-N bond vibration is in the range of 1218 and 1256 cm-1 

by experimental method, and in the range of 1184-1255, 1192-1259, and 1183-1258 cm-1 by 

DFT method in three theoretical level of B3LYP, B3PW91, and PBEPBE, respectively. The 

amplitude of vibration for N=N bond is also in the range of 1463 and 1514 cm-1 by experimental 

method, and in the range of 1453-1500, 1449-1508, and 1437-1500 cm-1 by DFT method in three 

theoretical level of B3LYP, B3PW91, and PBEPBE, respectively. Furthermore, the amplitude of 

bending vibration of N-N-N is below 1000 cm-1. 

4.3.7. C-O vibrations 

The vibration of C-O group in CNPMPT is in the range of 1027, 1218, and 1256 cm-1 by 

experimental method, and in the range of 1017-1269, 1020-1269, and 1009-1262 cm-1 by DFT 

method in three theoretical level of B3LYP, B3PW91, and PBEPBE, respectively. The methoxy 

group attached to the aromatic ring includes C-O bond, where two different types of carbon are 

attached to oxygen. Therefore, the stretching vibration of C-O group is visible in two different 

regions. It is usually expected that the stretching vibration of C-O appears in the range of 950 to 
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1300 cm-1. In DMPF structure, [39] the stretching vibration of C-O group is reported in two 

regions of 1990 and 1213 cm-1 by experimental method. 

4.3.8. C-Cl vibrations 

The stretching vibration of C-Cl in CNPMPT structure was appeared to be in the region of 1027 

cm-1 by experimental method, and in the range of 1019-1093, 1027-1097, and 1011-1084 1262 

cm-1 by DFT method in three theoretical level of B3LYP, B3PW91, and PBEPBE, respectively. 

It has to be noted that aryl chlorines are expected to be appeared in the range of 1100 to 1305 cm-

1. The bending movement occurs easier than stretching movement and the constant force 

coefficient, K, is smaller for it. Moreover, the bonds between atoms with higher weights vibrate 

in lower frequencies compared to the bonds between atoms with lower weights. The trend of 

C─H> C─C> C─O> C─Cl> C─Br> C─I is based on increasing vibration frequency. 

4.4. NMR spectra 

Nuclear magnetic resonance was first discovered in 1946, by Felix Bloch from Stanford 

University and Edward Parcel from Harvard University, independently. [42] They showed 

absorption of electromagnetic radiation resulted from transfer of nucleus energy levels occurred 

in a strong magnetic field. These two physicists achieved the Nobel Prize of 1952 for their work. 

[43] In the first five years after discovery of nuclear magnetic resonance method, chemists found 

out that the molecular environment of objects affects the absorption of radiation by nucleons in 

presence of a magnetic field, and this effect could be attributed to the molecular structure. The 

development of nuclear magnetic resonance spectroscopy method was remarkable since then, 

and this method has had a significant effect on development of organic chemistry, inorganic 

chemistry and biochemistry. For further characterization of CNPMPT structure, besides FT-IR 
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investigation, the amounts of chemical shifts for carbon and hydrogen atoms are also discussed 

by utilizing the experimental and theoretical method of density function (Supplementary dataS3). 

As the obtained results in tables 4 and supplementary dataS4 show, the results of chemical shift 

of carbon atoms are highly consistent with each other. However, the results of hydrogen atoms 

are a little different in some cases which could be attributed to solvent effects on hydrogen atoms 

in empirical mode. The theoretical calculations are performed in gas phase and the solvent 

effects are neglected. But the values of chemical shift are different depending on the type of 

nucleon and chemical environment of atoms. The gauge including atomic orbitals (GIAO) 

method was used to carry out calculations in three theoretical levels of B3LYP, B3PW91, and 

PBEPBE. This method is applicable to calculate chemical shifts of many components and gives 

precise results consistent with chemical shifts obtained experimentally. [43-45] The base mode 

of 6-311G(d,P) was utilized for all theoretical levels. The results are TMS chemical shifts are 

used as reference. First, the structure was optimized and the amounts of chemical shift was 

calculated for different atoms. The consistency is rather high in 13C-NMR results. But there is a 

high discrepancy between theoretical and experimental results for 1H-NMR, especially in H19, 

which is due to solvent effects in experimental results, as mentioned earlier. 

4.5. Molecular electronic potential maps 

As the electrostatic potential map in Fig. 4 shows, charge distribution is different for different 

parts of CNPMPT molecule in three theoretical levels of B3LYP, B3PW91, and PBEPBE. The 

hydrogen atoms in this map have the lowest electrostatic potential, while the oxygen atoms have 

the highest electrostatic potential. The chlorine atom is also shown in green and is within the 

middle range of electrostatic potential. The obtained results for three theoretical levels are almost 

similar. Furthermore, nitrogen atoms belonging to treason group are shown in yellow and almost 
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have a more negative value compared to chlorine. The electrostatic potential actually represents 

charge distribution of molecules in three dimensions. This map actually enables one to identify 

and investigate the charge distribution and atomic charges in different parts of molecules. 

Predicting the behavior and function of molecules in chemical reactions is also possible via this 

this. In order to compute and present this map, first, the corresponding structure is optimized by 

utilizing density functional theory, then the electrostatic potential map is calculated and recorded 

using Molkele software. As shown in Fig. 4, the range of electrostatic potential changes for 

CNPMPT structure in three theoretical levels of B3LYP, B3PW91, and PBEPBE is -0.0835-

0.0553, -0.0864-0.0597, and -0.0818-0.0592, respectively. 

4.6. Fingerprint plots and corresponding Hirshfield surface coverage for CNPMPTstructure 

3D shapes of Hirshfield surface coverage and 2D images of Fingerprint plots showed the share of 

each atom in molecular interactions. Hydrogen atom had the highest share of 51.5% in 

Fingerprint plots. On the other hand, nitrogen atoms had the lowest share of 8.1% in Fingerprint 

plots and molecular interactions. Hirshfield surface analysis actually shows the molecular 

interactions in 3D. The share of each molecular interactions is shown in Fig. 5. 

4.7. Other molecular properties 

The thermodynamic parameters, HOMO and LUMO values are discussed and investigated 

through DFT results in three theoretical levels of B3LYP, B3PW91, and PBEPBE (Table 5). By 

extracting these values, the electrophilicity, chemical hardness, chemical potential, dipole 

moment, zero-point vibrational energy, entropy, and heat capacity of this structure is examined 

and reported. The obtained results indicate the stability of structure in conformational state of E 

(Supplementary dataS5). Although after conformational drawing of Z for this structure and 
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optimization, because state E is more stable that state Z, again the optimized structure would 

choose the conformational state of E with the lower energy level as the spatial interactions are 

lower in this state.Further comparisons were done using GaussSum software, and DOS Spectrum 

for all cases is reported in supplementary dataS6.  

Crystallographic data for structural analysis reported in this paper have been deposited with the 

Cambridge Crystallographic Data Centre and allocated the deposition number CCDC 1433072. 

These data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or 

from the Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; 

Fax: +44 1223 336033, e-mail: deposit@ccdc. cam.ac.uk]. 

 

5. Conclusions 

CNPMPT structure is unique and has many applications in various chemical, medical, painting, 

industries etc. This compound is able to form complexes with different metals and can act as 

multi-denticity ligand in different complexes. Furthermore, this structure is capable of having a 

specific medicinal or antibacterial properties due to having two conformations of E and Z, which 

is can be investigated by other researchers in future. This structure in synthesized by a new 

method is investigated and characterized by FT-IR, Absorbance electron spectrum, 1H-NMR, 

13C-NMR, and X-ray single crystal diffraction. The theoretical calculations for this structure are 

discussed in the following using DFT method in three levels of B3LYP, B3PW91, and PBEPBE. 

CNPMPT structure has orthorhombic structure with Pbca space group and wavelength of 

0.71073. The DFT results in B3LYP theoretical level showed that this structure has a total 

energy of -882733.1034 KCal/mol. Total entropy of this structure is 146.169 Cal/Mol-Kelvin, 
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and its heat capacity is 69.157 Cal/Mol-Kelvin. This structure has the ability of forming polymer 

and can form hydrogen bonds with the atoms in its neighborhood. 
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Table Captions: 

Table 1. Crystal data and structure refinement. 

Table 2. Computed and experimental bond distances (A), bond angles (◦), torsion angles (◦) for 

(CNPMPT) structure. 

Table 3. Vibrational wavenumbers obtained for (CNPMPT) structure at B3LYP, B3PW91 and 

PBEPBE levels of theory with 6-311G (d,p) basis set [harmonic frequency (cm−1), IRint 

(Kmmol−1)]. 

Table 4.Theoretical and experimental 1H and 13C isotropic chemical shifts (with respect to 

TMS, all values in ppm) for (CNPMPT) structure. 

Table 5. Theoretically computed energies (kcal.mol−1), zero-point vibrational 

energies(kcal.mol−1), rotational constants (GHz), heat capacities (cal.mol-1.K-1), 

entropies(cal.mol-1.K-1), dipole moment (Debye), molecular orbitals energies (εHOMOand εLUMO, 

eV), electronic chemical potential, µ (eV), chemical hardness, η (eV), electrophilicity, ω (eV) 

and maximum amount of electronic charge transfer for (CNPMPT) structure. 

Scheme Captions: 

Scheme 1. Synthetic route for the new compound (CNPMPT). 
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Figure Captions: 

Fig. 1. Serial number of atom and optimized structure of (CNPMPT) structure performed by 

B3LYP/6-311G (d, p) method (a), different conformations of the title compound (b).  

Fig. 2. A view of the hydrogenbonds are shown as dashed lines (a) and crystal packing down the 

α-axis for the title compound (b).  

Fig. 3. FT-IR spectrum obtained by experimental (a) in terms of percentage transmission and 

DFT method (b) in terms of intensity for (CNPMPT) structure. 

Fig. 4. B3LYP/6-311G (d, p) calculated 3D molecular electrostatic potential of CNPMPT 

(isosurfacevalue 0.01 a.u.). 

Fig. 5. Show 3D and 2D images of fingerprint plots and corresponding Hirshfield surface 

coverage for CNPMPT structure. 
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Supplementary Data Captions: 

S1. Correlation between bond length obtained by experimental (X-Ray diffraction) and 

theoretical value (DFT method) for the title compound.  

S2. Correlation between DFT and experimental frequenciesfor the title compound.  

S3. Show 13C (a) and 1H (b) NMR spectrum obtained by experimental methods for the title 

compound. 

S4. Correlation between theoretical and experimental methods for NMR property in (CNPMPT) 

structure. 

S5. Show E (a) and Z (b) conformation of (CNPMPT) structure.  

S6. Show density of spectrum (Dos) and HOMO-LUMO highlight obtained by B3LYP level of 

theoryfor CNPMPT structure. 
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Table 1. 
 

Empirical formula 
Formula weight 

C13H11ClN4O3 
306.7 

Temperature (K) 298 (2)  
      Wavelength (Ǻ)                        0.71073  

Crystal system, space group Orthorhombic, Pbca 
Unit cell dimensions  

a (Ǻ), α (˚) 7.0723 (9), 82.448 (9) 
b (Ǻ), β (˚) 7.5333 (9), 79.931 (9) 
c (Ǻ), γ (˚) 13.7138 (15), 75.049 (9) 

Volume (Ǻ3) 692.17 (15) 
Z, Calculated density (Mg/m3) 2, 1.472 
Absorption coefficient (mm-1) 0.292 

F (000) 316 
Crystal size (mm) 0.4×0.20×0.15 

Theta range for data collection (deg) 2.81 to 29.20  
Max/min. indices h, k, l -9/8, -10/9, -18/18 
Reflections collected 7537  

Independent reflections [R (int)] 3704 [0.0899] 
Completeness to theta = 27.00 (%) 98.7 

Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3704/0/195 

Goodness-of-fit on F2 0.993 
Final R indices [I>2sigma (I)] R1= 0.0703, ωR2 = 0.1722 

R indices (all data) R1= 0.1420, ωR2 = 0.2120 
Largest diff. peak and hole (e.Ǻ-3) 0.470 and -0.436 
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Table 2. 
 

Parameters X-ray B3LYP B3PW91 PBEPBE 
Bond length (Ǻ)     

Cl32-C13 1.722 (3) 1.744 1.730 1.741 
O23-C4 1.368 (4) 1.357 1.351 1.363 
O23-C24 1.417 (4) 1.422 1.415 1.429 
O30-N28 1.202 (4) 1.224 1.218 1.234 
O29-N28 1.191 (4) 1.219 1.214 1.230 
N20-N21 1.328 (3) 1.324 1.318 1.328 
N20-C3 1.395 (4) 1.408 1.402 1.399 

N21-N22 1.261 (3) 1.262 1.260 1.282 
N22-C16 1.420 (3) 1.409 1.404 1.406 
N20-C14 1.472 (4) 1.480 1.474 1.486 
C4-C5 1.382 (4) 1.396 1.394 1.404 
C4-C3 1.396 (4) 1.415 1.412 1.425 
C5-C6 1.379 (6) 1.395 1.392 1.399 
C6-C1 1.382 (5) 1.389 1.387 1.396 
C1-C2 1.374 (5) 1.392 1.390 1.394 
C2-C3 1.387(5) 1.395 1.393 1.407 

C16-C15 1.381 (4) 1.394 1.392 1.402 
C16-C11 1.395 (4) 1.404 1.402 1.413 
C15-C14 1.386 (4) 1.390 1.387 1.395 
C14-C13 1.386 (4) 1.398 1.396 1.406 
C13-C12 1.385 (4) 1.397 1.396 1.405 
C12-C11 1.372 (4) 1.385 1.382 1.390 

     
Bond Angles (˚)     

C4-O23-C24 118.5 (3) 118.6 118.3 117.7 
N21-N20-C3 121.2 (3) 123.8 123.9 126.9 
N22-N21-N20 112.4 (2) 112.5 112.3 111.0 
N21-N22-C16 112.4 (2) 113.9 113.7 113.4 
O29-N28-O30 122.4 (3) 125.4 125.6 125.7 
O29-N28-C14 119.6 (3) 117.9 117.8 117.7 
O30-N28-C14 117.8 (3) 116.7 116.6 116.6 
O23-C4-C5 125.9 (3) 124.2 124.2 123.9 
O23-C4-C3 114.3 (2) 117.0 117.1 117.5 
C5-C4-C3 119.8 (3) 118.7 118.7 118.6 
C6-C5-C4 119.9 (3) 120.9 121.0 121.5 
C5-C6-C1 120.2 (3) 120.3 120.3 120.0 
C2-C1-C6 120.4 (3) 119.3 119.2 119.3 
C1-C2-C3 119.8 (3) 121.2 121.3 121.7 
C2-C3-N20 123.1 (3) 118.0 117.9 116.2 
C2-C3-C4 119.8 (3) 119.5 119.5 119.0 
N20-C3-C4 117.1 (3) 122.4 122.5 124.8 

C15-C16-C11 118.9 (2) 118.7 118.6 118.5 
C15-C16-N22 116.0 (3) 115.9 115.9 116.0 
C11-C16-N22 125.1 (2) 125.4 125.4 125.6 
C16-C15-C14 120.4 (3) 120.7 120.7 120.9 
C13-C14-C15 120.9 (3) 120.8 120.9 120.7 
C13-C14-N28 122.7 (2) 122.9 122.8 123.0 
C15-C14-N28 116.4 (3) 116.2 116.2 116.3 
C12-C13-C14 118.2 (2) 118.3 118.2 118.3 
C12-C13-Cl32 117.8 (2) 118.0 118.1 118.0 
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C14-C13-Cl32 124.0 (2) 123.7 123.7 123.7 
C11-C12-C13 121.5 (3) 121.2 121.2 121.2 
C12-C11-C16 120.1 (3) 120.3 120.4 120.4 

     

Dihedral Angles(˚)     
C3-N20-N21-N22 177.3 (3) 176.0 176.5 179.6 
N20-N21-N22-C16 -179.5 (2) -179.1 -179.4 -179.8 
C24-O23-C4-C5 -6.7 (5) -3.0 -3.0 -1.0 
C24-O23-C4-C3 173.5 (3) 175.9 175.8 178.7 
O23-C4-C5-C6 -179.5 (3) -177.4 -177.3 -179.5 
C3-C4-C5-C6 0.3 (5) 1.5 1.5 0.2 
C4-C5-C6-C1 -0.1 (6) -0.2 -0.2 -0.0 
C5-C6-C1-C2 0.1 (6) 1.0 1.0 0.2 
C6-C1-C2-C3 -0.3 (5) -0.8 -0.8 -0.1 
C1-C2-C3-N20 -179.6 (3) -177.0 -177.0 -179.5 
C1-C2-C3-C4 0.5 (5) 0.5 0.6 0.1 

N21-N20-C3-C2 -3.3 (5) -40.6 -39.8 -5.3 
N21-N20-C3-C4 176.6 (3) 143.0 143.9 175.4 
O23-C4-C3-C2 179.4 (3) 177.3 177.2 179.5 
C5-C4-C3-C2 -0.5 (5) -1.6 -1.7 -0.3 

O23-C4-C3-N20 -0.5 (4) -0.5 -0.9 -0.2 
C5-C4-C3-N20 179.6 (3) 177.9 178.0 179.6 

N21-N22-C16-C15 -175.6 (3) -176.0 -177.1 -179.5 
N21-N22-C16-C11 6.4 (4) 4.8 3.6 0.9 
C11-C16-C15-C14 -1.9 (5) -1.4 -1.4 -1.4 
N22-C16-C15-C14 180.0 (3) 179.4 179.2 179.0 
C16-C15-C14-C13 1.5 (5) 1.6 1.6 1.6 
C16-C15-C14-N28 -178.9 (3) -178.0 -178.0 178.1 
O29-N28-C14-C13 -22.3 (5) -37.4 -37.9 -35.3 
O30-N28-C14-C13 163.1 (3) 144.2 143.7 146.1 
O29-N28-C14-C15 158.1 (4) 142.2 141.7 144.3 
O30-N28-C14-C15 -16.5 (4) -36.1 -36.6 -34.3 
C15-C14-C13-C12 -0.2 (5) -0.4 -0.5 -0.3 
N28-C14-C13-C12 -179.8 (3) -179.2 -179.1 -179.3 
C15-C14-C13-Cl32 178.1 (2) 176.4 176.4 176.6 
N28-C14-C13-Cl32 -1.5 (4) -4.0 -4.0 -3.8 
C14-C13-C12-C11 -0.6 (5) -0.9 -0.9 -1.1 
Cl32-C13-C12-C11 -179.1 (3) -177.9 -177.9 -178.2 
C13-C12-C11-C16 0.2 (5) 1.0 1.1 1.2 
C15-C16-C11-C12 1.1 (5) 0.2 0.1 0.0 
N22-C16-C11-C12 179.0 (3) 179.3 179.4 179.5 
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Table 3. 
 

Mod 
nos. 

Experimental
(cm-1) Theoretical wavenumber (cm−1) PED(%)c 

FT-IR 
B3LYP B3PW91 PBEPBE 

 
Scaled IRint

b Scaled IRint
b Scaled IRint

b 

1 3305s 3351 14.44 3353 16.44 3290 4.63 100 ʋ NH 
2  3117 4.07 3111 4.51 3123 4.10 45 ʋ CH + 51 ʋ CH 
3  3109 0.90 3105 0.99 3117 8.65 49 ʋ CH + 21 ʋ CH + 30 ʋ CH 
4  3104 7.77 3100 6.73 3116 1.69 27 ʋ CH + 13 ʋ CH + 52 ʋ CH 
5 3090vw 3091 1.40 3090 14.35 3107 15.36 75 ʋ CH + 19 ʋ CH 
6  3090 18.45 3087 1.27 3100 2.01 25 ʋ CH + 38 ʋ CH + 36 ʋ CH 
7  3073 5.94 3072 4.23 3089 1.84 44 ʋ CH + 28 ʋ CH + 27 ʋ CH 
8 3013vw 3062 5.72 3060 5.48 3068 7.28 26 ʋ CH + 59 ʋ CH  + 11 ʋ CH 
9 2977vw 3035 14.87 3037 13.11 3051 11.10 79 ʋ CH + 21 ʋ CH 
10 2944w 2965 35.45 2967 32.23 2976 32.39 99 ʋ CH 
11 2840vw 2907 54.10 2902 53.18 2912 61.22 21 ʋ CH + 79 ʋ CH 
12 1599s 1591 71.49 1612 201.65 1583 33.46 23 ʋ ON  + 40 ʋ CC 
13  1587 29.20 1596 32.13 1581 16.10 27 ʋ CC + 14 ʋ CC + 11 ʋ CC + 13 δ HCC 
14  1575 10.12 1587 59.41 1570 10.05 14 ʋ CC  + 30 ʋ CC + 10 ʋ CC + 11 δ CCC + 13 δ CCC 
15 1569w 1567 154.55 1582 5.83 1549 137.43 55 ʋ ON  + 23 ʋ CC 
16 1523s 1540 22.63 1550 4.86 1528 50.94 12 ʋ ON + 17 ʋ CC  + 28 ʋ CC + 12 δ CCC + 16 δ CCC 
17 1514s 1500 482.56 1508 612.61 1500 347.69 13 ʋ NN + 13 ʋ NC + 40 δ HNN 
18 1476vw 1489 39.26 1488 41.74 1480 48.76 10 δ HNN + 38 δ HCC + 13 δ CCC 
19 1463s 1459 139.48 1466 179.77 1440 39.63 25 ʋ NN + 31 δ HCH 
20  1453 21.21 1449 228.69 1437 186.58 20 ʋ NN  + 35 δ HCH + 10 Γ HCOC 
21  1449 264.36 1445 25.70 1425 9.02 44 δ HCC  + 12 δ CCC 
22 1442vw 1444 8.83 1434 8.96 1424 128.95 68 δ HCH + 23 Γ HCOC 
23 1422w 1434 13.96 1425 5.32 1411 89.37 68 δ HCH 
24  1410 20.97 1404 12.45 1394 26.93 13 ʋ CC + 32 δ HCC + 10 δ HCH 
25 1386m 1376 55.10 1380 31.62 1369 207.61 42 ʋ CC + 17 δ HCC 
26 1342s 1339 280.53 1364 296.85 1351 18.96 78 ʋ ON + 12 δ ONO 
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27 1314vw 1302 13.67 1321 18.02 1325 51.50 24 ʋ CC + 13 ʋ CC + 10 ʋ CC + 12 ʋ CC 
28  1292 88.25 1311 76.13 1307 295.27 52 ʋ CC 
29  1269 43.60 1269 323.82 1262 262.00 11 ʋ OC + 39 δ HCC 
30 1256m 1255 426.58 1259 189.95 1258 139.49 12 ʋ NN + 14 ʋ OC + 10 δ HNN 
31  1243 6.77 1243 58.63 1237 60.59 12 ʋ NC + 44 δ HCC 
32 1218w 1220 281.02 1227 254.05 1223 148.67 13 ʋ NN + 17 ʋ OC + 10 ʋ NC 
33 1197vw 1191 85.64 1194 18.10 1187 4.52 15 ʋ CC + 27 ʋ NC + 14 δ HCC 
34  1184 135.30 1192 87.74 1183 88.16 10 ʋ CC + 32 ʋ NN + 13 ʋ NC 
35 1157vw 1165 29.04 1160 14.48 1154 11.95 21 δ HCH + 54 Γ HCOC 
36 1145vw 1148 6.17 1140 4.90 1141 0.16 72 δ HCC 
37  1131 1.13 1126 0.86 1115 15.15 24 δ HCH + 62 Γ HCOC + 12 Γ HCOC 
38  1127 6.39 1120 8.40 1115 0.33 60 δ HCC 
39 1109m 1110 51.83 1108 45.81 1110 50.89 13 ʋ CC + 14 ʋ CC + 39 δ HCC 
40  1093 34.87 1097 35.05 1084 35.29 18 ʋ CC + 11 ʋ ClC + 31 δ HCC 
41 1042m 1040 15.62 1042 24.60 1043 7.21 17 ʋ CC + 19 ʋ CC + 10 ʋ OC + 23 δ HCC 
42 1027m 1019 42.07 1027 26.34 1011 41.37 10 ʋ ClC + 47 δ CCC 
43  1017 43.27 1020 41.09 1009 51.29 10 ʋ CC + 57 ʋ OC + 14 δ CCC 
44  969 0.02 962 0.02 946 0.08 31 Γ HCCC + 51 Γ HCCC 
45  949 0.72 950 0.93 945 2.17 10 δ CCC + 15 δ CCC + 12 δ NNN 
46 919vw 940 0.27 938 0.24 915 0.01 12 Γ HCCC + 68 Γ HCCC + 16 Γ CCCN 
47  902 18.86 898 5.72 880 18.47 23 Γ HCCC + 30 Γ HCCC + 16 Γ CCCC 
48 892w 901 2.69 894 17.24 873 14.27 77 Γ HCCC 
49  877 14.60 878 16.28 871 4.46 15 δ ONO + 23 δ CCC 
50 831w 826 19.56 822 0.61 809 17.65 71 Γ HCCC + 10 Γ CCCC 
51 816vw 826 0.62 821 20.87 805 23.68 75 Γ HCCC 
52 783vw 810 21.61 812 21.37 799 0.18 29 δ ONO + 18 δ CCC 
53 747s 759 10.53 762 8.03 756 6.17 10 ʋ CC + 13 ʋ OC + 10 δ CCC 
54  751 8.78 756 9.64 739 4.17 57 λ  OCON + 14 λ  NCCC 
55 724vw 733 79.55 731 84.91 720 119.06 88 Γ HCCC 
56  719 12.62 718 13.78 707 2.38 23 Γ CCCN + 18 λ  OCCC 
57  700 11.07 700 10.02 700 21.24 13 δ CCC + 13 δ CCC 
58 685vs 691 10.73 690 12.41 681 15.78 22 Γ HCCC + 24 Γ CCCC 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

  

6 

59 673w 664 23.08 662 22.64 679 14.94 24 δ CCC + 11 δ CCC 
60 649w 635 13.08 634 36.52 659 24.17 12 δ NNC + 12 δ CCC + 10 δ CNN + 15 Γ HNNN 
61 633m 622 26.49 623 47.18 630 14.20 12 δ ONC 
62  612 91.17 617 41.49 615 5.36 69 Γ HNNN 
63 577vw 568 12.94 567 12.01 564 4.35 20 δ CCC 
64 553vw 546 0.94 545 1.01 541 3.94 11 Γ HCCC + 43 Γ CCCN + 16 λ OCCC 
65  543 2.10 542 1.51 540 0.49 10 δ CCC + 10 δ COC 
66  508 6.57 506 7.35 504 5.88 10 δ CCN 
67 483m 482 12.82 482 12.73 468 17.88 12 δ ONC + 10 δ CCC 
68  456 7.964 454 8.88 455 2.92 14 Γ CCCN + 22 Γ CCCN + 14 λ OCCC 
69  428 13.64 428 12.44 426 13.98 11 ʋ NC + 12 δ ClCC + 11 Γ CCCC 
70  409 2.13 407 1.73 407 4.32 33 Γ CCCC 
71  363 0.48 361 0.32 364 0.59 14 δ COC 
72  358 2.34 357 2.88 350 3.41 28 Γ CCCC + 22 Γ NNNC + 29 λ  ClCCC 
73  349 3.86 350 3.45 346 3.65 15 ʋ NC + 11 ʋ ClC + 13 δ CCC + 16 δ ONC 
74  306 4.51 306 4.03 301 0.11 10 δ COC + 17 Γ HCOC + 13 Γ CCCN 
75  291 1.77 291 1.95 293 3.84 11 δ COC + 15 δ ClCC + 10 Γ CCCN 
76  252 0.32 253 0.27 248 0.17 36 Γ HCOC + 12 Γ CCCN 
77  232 1.38 232 1.30 235 0.39 31 δ OCC + 19 δ COC 
78  221 0.80 222 0.80 215 0.52 17 δ OCC + 15 δ COC 
79  212 2.08 212 2.18 212 1.33 24 Γ NNNC + 13 λ  ClCCC 
80  189 4.97 189 5.07 178 0.69 17 δ NCC + 17 δ ClCC 
81  163 5.65 163 4.67 164 0.24 12 δ NCC + 14 Γ NNCC + 16 Γ CNNN + 10 λ  NCCC 
82  158 1.43 158 2.36 148 3.17 26 Γ CCCN + 11 Γ CCCN 
83  117 2.43 117 2.13 120 2.62 11 Γ CCCN + 13 Γ CCCC + 15 Γ CCCC + 20 λ  NCCC 
84  108 1.72 108 1.86 115 0.33 13 δ CCN + 20 δ NCC 
85  88 4.59 89 4.66 97 6.34 78 Γ COCC 
86  73 0.98 73 0.81 74 0.06 34 Γ CCCC + 15 Γ CNNN + 10 λ  ClCCC 
87  51 0.34 51 0.36 50 0.30 83 Γ ONCC 
88  38 0.18 39 0.16 39 0.20 23 δ NNC + 18 δ NNN + 24 δ CNN + 12 δ NCC 
89  22 0.05 23 0.09 22 0.27 20 Γ NNCC + 40 Γ CCNN + 16 Γ CNNN 
90  14 0.28 14 0.26 6 0.01 47 Γ NNCC + 22 Γ CCNN + 15 Γ CNNN 
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a w-weak; vw-very weak; s-strong; vs-very strong; m-medium; br-broad, sh-shoulder. 
b IRint-IR intensity. 
c Potential energy distribution (PED) calculated B3LYP/6-311G (d, p). ν stretching, δ: bending, Γ: torsion , λ : out , PED less than 10% are not 
shown. 
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Table 4. 
 

 

Label 
and 

symbol 
of atoms 

Methods 

B3LYP B3PW91 PBEPBE Exp 

C
he

m
ic

al
 S

hi
ft 

C1 125.6611 124.0284 123.0390 125.704 
C2 125.8774 124.2143 119.8860 125.829 
C3 135.1938 132.2196 130.9738 134.198 
C4 159.9869 156.6878 153.8458 159.909 
C5 115.1109 113.6936 112.7329 113.140 
C6 131.6540 130.0879 126.1705 131.088 
C11 124.2204 122.6825 121.4266 124.522 
C12 137.3123 135.7157 134.9075 137.483 
C13 139.0023 135.3896 135.0595 138.086 
C14 157.6784 154.3473 153.9157 157.266 
C15 131.5964 129.9608 128.6155 130.807 
C16 155.4771 152.5113 151.7045 155.950 
C24 56.405 54.9586 57.2225 55.875 
H7 7.0919 7.0646 7.0029 7.5157 
H8 7.0811 7.0449 6.8168 7.5078 
H9 6.8193 6.8102 6.812 7.4862 
H10 7.2821 7.2536 7.0699 7.5396 
H17 8.0199 8.008 7.9106 7.5659 
H18 7.3498 7.3193 7.2529 7.5618 
H19 8.9706 8.8945 9.2136 12.9728 
H25 3.5573 3.4347 3.7699 3.8342 
H26 3.8048 3.6805 3.6993 3.8342 
H27 4.1371 4.0262 4.2198 3.8342 
H31 8.1241 8.0855 7.9482 7.6686 
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Table 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters B3LYP P3PW91 PBEPBE 
Total energy -882733.1034 -882463.6636 -881938.2729 

ZPVE 145.47280 146.19423 141.38458 
Rotational constant 0.73583 0.74212 0.74756 

 0.10205 0.10258 0.10170 
 0.09245 0.09302 0.09004 

Entropy    
Total 146.169 145.804 149.562 

Translational 43.052 43.052 43.052 
Rotational 35.092 35.072 35.106 
Vibrational 68.025 67.679 71.404 

    
Heat capacity 69.157 68.918 71.026 

Dipole moment(D) 8.73730 8.69640 8.57430 
HOMO -0.22231 -0.22399 -0.19138 
LUMO -0.09141 -0.09168 -0.11687 

Chemical potential(µ) -0.15686 -0.15783 -0.15412 
Chemical hardness(η) 0.13090 0.13231 0.07451 

Electrophilicity(ω) 0.09398 0.09414 0.15940 
∆Nmax 1.19831 1.19291 2.06851 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
  

1 

 

 

(a) 

 

(b) 

Fig 1. 
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Fig .2. 
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Fig 3. 
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Fig 4. 
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(d) 

 

(e)  

 

(f)  

Fig 5. 
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Research highlights  

� New triazene derivative have been synthesized. 

� The structures are determined by X-ray diffraction, NMR and FT-IR 
spectroscopy. 

� All experimental results compared with theoretical study. 

� Theoretical results are in good agreement with experimental data. 

 


